Abstract Coronary artery disease (CAD) is the global leading cause of death for both men and women. Risk factors for CAD have been studied extensively and subsequently preventive and treatment measures have been prioritized globally. Nevertheless, the prevalence and mortality rate of CAD remains high. We attempted to identify the most common of the well-known risk factors for developing CAD in a rural population in Malaysia using a retrospective cross-sectional, hospitalbased study from January, 2010 to June, 2011. Smoking was the most important independent risk factor for the entire male population (nonfemale smokers in population). In the population studied, smoking remains the most important health factor in development of CAD.
Introduction
In 2013, coronary artery disease (CAD) was the most common cause of death globally, resulting in 8.14 million deaths (16.8% of all deaths) up from 5.74 million deaths (12%) in 1990 [1] . CAD mortality is on the rise in the Asia Pacific countries, thought due to rapid urbanization, industrialization, and lifestyle changes [2] . Global Burden of Disease (GBD) study reported that CAD was the leading cause of mortality for eight world regions [3] . The World Health Organization (WHO) estimated that CAD will be the single largest cause of disease burden in many countries world-wide by the year 2020 [4] and projected that Southeast Asia would have the largest percentage increase in CAD-related deaths by 2030 [5] . In Malaysia, CAD accounted for approximately 24 .5% of death in government hospitals in 2010, the leading cause of death in Malaysia [6] . Established coronary risk factors such as cigarette smoking, diabetes mellitus (DM), hypertension, obesity, sedentary lifestyle, and dyslipidemia are said to play major roles in CAD [7] . We attempted to identify the most predictive factors among common traditional risk factors as few such studies are available.
Materials and methods
Patients attending a rural district hospital in Malaysia were referred by medical officers and other practitioners, or referred back from secondary and tertiary level hospitals for continued care.
This was a cross-sectional study with a sample size (n = 408) determined using the Epi Info version 6 (CDC) for population surveys. The study period was from January 2010 to June 30, 2011 . Samples were selected using clustered systematic randomizing. Fifteen patients were recruited every week, by randomly selecting patients from two out-patient clinics. Inclusion criterion was age 13 and above years. Exclusion criteria were patients with known causes of obesity such as Cushing's and pseudo-Cushing's syndrome, known causes of dyslipidemia such as chronic renal failure, nephrotic syndrome, hypothyroidism, and HIV patients on antiviral drugs.
The research purpose was explained and consent was obtained from all patients for those who are age 18 and above and from parents for those who were age less than 18. All were interviewed and examined by the investigators. Questions asked included smoking history, alcohol intake, occupation, family income, exercise (mild = active with house chores; moderate activity = 30 min walk, jog, swimming per day for three days per week, etc. strenuous exercise = hard laborer). History also included use of contraceptive pills, knowledge of healthy food and lifestyle, hazards of being obese {BMI ≥ 27 (BMI 27 and above)}. CAD was defined by patients' record: coronary artery angiography, angioplasty, CABG, symptoms of angina, unstable angina, myocardial infarction plus ECG and raised cardiac biomarkers with or without echocardiogram changes and response to coronary vasodilators. Smokers were defined as those who stated they actively smoked either intermittently or continuously. Nonsmokers were defined as those who stated they never smoked.
Metabolic syndrome was defined according to NCEP ATP 111 with reference to Asian cut-off criteria of waist circumference mentioned below. Measurements of the BMI (kg/m 2 ), waist circumference (WC) (cm), and blood pressure (mmHg) were carried out by the same assigned staff. Measurement of WC was standardized at the midpoint between the lower costal cartilage and the highest point of iliac crest with the patient exhaling completely. Blood samples for fasting plasma glucose (FPG), TG, HDL-C, TC, and LDL-C were taken in the early morning after an overnight fast. Definitions were high waist circumference (WC ≥ 90 cm for male and WC ≥ 80 cm for female) and normal weight (BMI 18.5-22.9), overweight (BMI 23-26.9) and obese {BMI ≥ 27 (BMI 27 and above)} for both female and male, hypertension (systolic BP ≥ 130 mmHg, or diastolic BP ≥ 85 mmHg); raised fasting plasma glucose (FPG = 5.6 mmol/L-6.99 mmol/L); diabetes mellitus (FPG ≥ 7 mmol/L); low HDL-C < 1.29 mmol/L in females and HDL-C < 1.03 mmol/L in males; high TG ≥ 1.7 mmol/L, high TC ≥ 5.2 mmol/L, and high LDL-C ≥ 2.4 mmol/L for both females and males. Isolated high total cholesterol, triglycerides, LDL-C, and HDL-C were defined as when only of them were raised when others were normal. Lipid triad was defined as a combination of raised LDL-C and triglycerides and low HDL-C; and normal lipid was defined when all lipids are normal (LDL-C, triglycerides and HDL-C and total cholesterol).
Statistical analyses were performed using the SPSS version 16 (SPSS Inc, Chicago, Il, USA). Student's t-test was used to compare means and chi-squared test was used to identify associations. Any result of P value < .05 was considered significant. Wilcoxon Signed Rank test was used for nonnormally distributed variables if applicable.
Results
A total of 473 patients were included in the study, 45 Of the CAD population, CAD was the highest in age group 50-59, followed by 40-49, and age group < 29 the lowest prevalence. CAD incidence in males was more than twice females, and the highest in Indians followed by Malay and Chinese. Smoking rate was 35%. Physical and metabolic characteristics showed high frequency of central obesity (71.6%), hypertension (69%), general obesity (57.8%), MetS (73%), DM (54.3%). There was lower frequencies of isolated high LDL-C (36.2%), isolated high triglycerides (31%), isolated low HDL-C (24%), and lipid triad (19%). Normal lipid profile was seen in 6% (Table 1) .
Male smokers were more obese (generally and centrally) and hypertensive than nonsmokers in subjects with CAD (Table 2) . Smoking rate was similar in Indians and Chinese but lower in Malays. In females, CAD was the highest in Indians, followed by Malays and Chinese. Females with CAD were less obese generally but more centrally obese and hypertensive than males. Prevalence of DM was the highest in male smokers, narrowly followed by those of nonsmokers and the lowest in females. However, MetS was the highest in females followed by male nonsmokers and the lowest in male smokers. The prevalence of isolated high total LDL-C, isolated high total cholesterol, and isolated low HDL-C were the highest in females but isolated high triglycerides was the lowest in females. The prevalence of isolated high total cholesterol, LDL-C, and low HDL-C was higher in male nonsmokers than male smokers except isolated high TG which was higher in male smokers. Lipid triad was the highest in male nonsmokers and the lowest in male smokers whereas prevalence of normal lipid was the lowest in male smokers, and somewhat higher and equivalent in male nonsmokers and females. Mean ages of male smokers, nonsmokers, and females were roughly similar (Table 3 ). Youngest age of CAD was 24 in a female, 27 in male smoker, and 28 in male nonsmoker. Females were more obese both generally and centrally than males as their normal WC is defined as < 80 cm. Male smokers were more obese (generally and centrally), hypertensive, hyperglycemic, and hypertriglyceridemic than nonsmokers. Means of total cholesterol, LDL-C, and HDL-C were the highest in females. Mean of total cholesterol was lower and that of HDL-C higher in male smokers than male nonsmokers but LDL-C was comparable.
There was a significant association between smoking, isolated high triglycerides, male gender, DM, MetS, hypertension, and age ≥ 40 with CAD (Table 4 ) but no significant association between ethnicity and lipid parameters and CAD. In males, smoking, isolated high triglycerides, MetS, age ≥ 30, and DM were significantly associated with CAD (Table 5) , with hypertension just under significance. Smoking showed the highest odd ratio. However, by multiple logistic regression analysis, only smoking was significantly associated with CAD (Table 6) .
In nonsmoking males, only metabolic syndrome (Table 7) and, in females, only age ≥ 30 was significantly associated with CAD by chi-square analysis (Table 8) but there was no risk factor identified by multiple logistic analysis. 
Discussion
Smoking prevalence in our study was similar to report by Chin and Pengal [8] but lower than Lim et al. [9] . The higher prevalence of hypertension, DM, MetS, central obesity, smoking, and isolated high LDL-C in subjects with CAD is consistent with reports by Framingham study, reviewed by O'Donnell and Elosua [10] , Chin and Pengal [8] and Rampal et al. [11] in Malaysia. Lower prevalence of CAD in Chinese than Malays (Table 1) in our study is consistent with reports by Lu and Nordin [12] in Malaysia and the highest prevalence of CAD in Indians is consistent with reports by Rampal et al. [11] , Khambalia and Seen [13] , Dhanjal et al. [14] in Malaysia and studies of Indian migrants by Bhopal et al. [15] , Nijjar et al. [16] , and Cappuccio et al. [17] . Genetics and different life styles may contribute to different prevalence of CAD even if in the same country. Mean age overall of our study population 53.3 (not shown by table) {54.1 for male smokers, 54.6 for male nonsmokers, and 51.1 for females} (Table 3) is younger than other Malaysian studies by Lu and Nordin [12] and Chin et al. [18] where the mean age was 59.1.
Significant association between smoking and CAD in our study is consistent with reports by Doyle et al. [19] , Lakier [20] , Rosenberg et al. [21, 22] , Framingham study and Chin et al. [18] and is identified as an independent risk factor when all coronary risk factors are adjusted by multiple logistic regression (age, gender, ethnicity, hypertension, DM, MetS, isolated high total cholesterol, LDL-C, high triglycerides, low HDL-C, and lipid triads) in whole study population (not shown by table) or the most predictive factor for developing CAD in the whole study population and male smokers (Tables 5 and 6 ). There is no independent risk factor for CAD in male nonsmokers and females by multiple logistic regression (not shown by tables).
Smoke exists mainly in two states: gaseous (which includes carbon monoxide (CO) and the solid (tar), both containing large quantities of free radicals [23] . CO inhibits the creation of nitrogen oxide (NO) and binds to hemoglobin [24] . Large quantities of free radicals contained in smoke is thought to enhance oxidative stress and, in combination with reduced NO bioavailability, nicotineinduced vasoconstriction, and impaired vasodilatation, lead to endothelial dysfunction. The consequent endothelial damage contributes to formation and progression of atheromatous plaque, and reduces blood flow via thrombosis and vasospasm, causing cardiovascular disease [25, 26] . Nicotine in smoke is considered responsible for an increase in blood viscosity and platelet aggregation, since it prevents the production of prostacyclins limiting platelet aggregation [27] . Platelet adhesion increases the production of thrombi, splits the coronary artery intima, accelerates the process of atheromatous plaque creation, and is associated with an increased risk of cardiac ischemia [28] . In addition, nicotine affects prostaglandin metabolism, weakening the vessel's defense against platelet deposition [29] . The increase in platelet aggregation, the effect of nicotine on blood coagulation time, and the increase in blood viscosity, in combination with the increase in levels of LDL and VLDL, the reduction in HDL, and inflammatory processes, promote the creation of atheromatous plaque and the development of atherosclerosis [30] . It seems that nicotine has the strongest power of vessel inflammation, platelet aggregation, and lipolytic effect than other coronary risk factors in addition to high levels of CO which reduce the oxygen carrying capacity of hemoglobin. Nicotine has shown to increase lipolysis leading to increased levels of free fatty acids [31] .
Smoking may also affect metabolic factors and lipids as the prevalence of generalized and central obesity, hypertension, DM, and isolated high triglycerides are higher in male smokers than male nonsmokers (Tables 2 and 3 ). Association of smoking with high triglyceride levels in the whole study population and male smokers in our study is consistent with Craig et al. [31] . In male nonsmokers, who have dyslipidemia (except hypertriglycemic) ( Table 2 ), MetS only is significantly associated with CAD (Table 7) ; and in women, who have more hypertension and the highest prevalence of MetS. (Table 2) , only age ≥ 30 is significantly associated with CAD (Table 8) .
Therefore the significant association of hypertension, DM and isolated high triglycerides with CAD seen overall (Table 4) might be enhanced or even caused by smoking. When metabolic risks are added to the substantial smoking risk, development of CAD is accentuated. We found (not shown by table) the relative risk for CAD in diabetic smokers to be 18.4 times (P = 0.00, OR = 18.4 (6.82-49.2)) and for nondiabetic smokers 7.5 times (P = 0.00, OR = 7.49 (3.14-17.9)) that of nonsmokers. But nonsmoking diabetic patients (P = 0.25, OR = 0.78 (0.50-1.21)) and patients who neither smoke nor are diabetic (P = 0.00, OR = 0.36 (0.23-0.56)) were significantly less likely to develop CAD.
Although there was a higher prevalence and association of CAD in males versus females (Tables 1, 5 , and 6), consistent with Joshi et al. [32] smoking seems to be responsible for the gender difference of CAD because the prevalence is similar for gender (20.4 vs. 24 .6% female and male nonsmokers, 0.95, 0.98 (0.63-1.55)) (not shown by table).
Our finding of higher prevalence of CAD by age 30-40 is consistent with review article of CAD risk factors written by editorial team and reviewed by Krucik [33] . In our population, there was nearly two and 10 times higher CAD by age ≥ 40 and ≥ 30, respectively in male (Table 5 ) and 8 times higher CAD in age ≥ 30 in female with age ≥ 30 the only association risk factor of CAD in females ( Table 8 ).
The youngest ages of patients with CAD in our patients were 24, 27, and 28 in female, male smokers and male nonsmoker, respectively (Table 3) .
Our study of nearly twice the CAD prevalence in DM is consistent with report by Fox et al. [34] and Goldschmid et al. [35] where diabetes is associated with a 2-to 3-fold increase in the likelihood of developing CAD.
Our finding of nearly twice the prevalence of hypertension in patients with CAD is consistent with Framingham and other epidemiological studies which demonstrated that systolic and diastolic blood pressure has a continuous, independent, graded, and positive association with cardiovascular outcomes [36, 37, 38, 39] .
Nearly three times the prevalence of CAD in subjects with MetS seen by us is consistent with reports by Kannel et al. [40] and Poirier et al. [41] . The prevention and control of overweight and obesity in adults and children has become a key element for the prevention of cardiovascular diseases. Although the prevalence of generalized and central obesity is high in our study population (Table 1) these were not statistically associated with CAD (Table 3) , with only the summation of metabolic risks to MetS reaching a significant association with CAD.
Although epidemiological studies had shown that high total cholesterol and LDL-C were markers for CAD by O'Donnell and Elosua [10] of cardiovascular risk factors [10] we found no significant association between these lipids and CAD. This may be because 42% of our subjects were on statins. Interestingly, the prevalence of LDL-C was 67% in age < 29 group in our study, the highest associated age group. Klag et al. [42] and Stamler et al. [43] stated that LDL cholesterol levels in young adulthood predicted development of CAD later in life supporting the idea that the relationship between LDL-C and CAD should be viewed as a continuous process beginning early in life.
Although HDL-C was accepted as an important factor related to atherosclerosis by cooperative lipoprotein study by Barr et al. [44] and Castelli et al. [45] , there was no significant association between low HDL-C and CAD either by isolation or in combination with high triglycerides and LDL-C in our study population. It is noted to be lower in females than males with or without smoking, in subjects with DM, MetS, generalized obesity, and in Indians without MetS. Genetic factors might play a role for lack of 6 International Journal of Medical Biology significant association in our study population. However, the lack of recent drug therapy trials that raise HDL to affect CAD evolution does calls into question whether low HDL is in fact a risk factor for CAD [46, 47, 48] .
Our study finding of lack of independent risk factor of isolated high triglycerides with CAD when adjusted by multiple logistic regression is consistent with Sarwar et al. [49] stating that the role of triglycerides as an independent risk factor for CAD has been always controversial. Although central obesity was significantly associated with CAD in the whole study population (Table 3) , generalized obesity (BMI ≥ 27) was not significantly associated with CAD in our study. However, 57.8% of subjects with CAD had BMI ≥ 27 in our study and prevention and control of overweight and obesity in adults and children has become a key element for the prevention of cardiovascular diseases [50] .
There were some limitations in our study. Most participants were unsure about CAD in their parents, and hence we were unable to include the family history in our data capture form. Almost all females were nonsmokers and hence we were unable to obtain data on smoking females. We were unable to include duration and intensity of smoking in some males who tended to downplay their habit and that tendency might be applicable for those who stated they never smoked. If so, this would tend to further enhance the effect of smoking in the study as this would dilute the nonsmoking population with some smokers.
In conclusion, our study highlighted that smoking is an independent and major risk factor for developing CAD, and one of the most preventable causes of CAD. Unfortunately, in Malaysia, it is estimated that 10,000 deaths yearly are attributed to smoking [16] with the prevalence of smoking still considerably high. Besides the adverse effects of smoking on health, the economic costs incurred are also substantial with an estimated annual 2.9 billion Ringgit Malaysia (RM), spent on treating three major diseases related to smoking, namely lung cancer, CAD, and chronic pulmonary disease (COPD) [9] . Our findings should help enforce laws to prohibit smoking and public health measures to prevent from smoking especially in the young generation.
